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FRPPRQSUREOHPEHFDXVHRIWKHFRPSOLFDWHGJHRPHWU\>@7KHSUHVHQFHRIZHOGLQGXFHGUHVLGXDOVWUHVVHVFDQEHD
PDMRUFRQFHUQ LQ WKHVWUXFWXUDO LQWHJULW\DVVHVVPHQWRI WKHZHOGHGSDUWV7KHVHVWUHVVHVHVSHFLDOO\ WHQVLOHVWUHVVHV
ZLWKLQDQGQHDUWKHZHOGDUHDJHQHUDOO\KDYHDGYHUVHHIIHFWVLQFUHDVLQJWKHVXVFHSWLELOLW\WRIDWLJXHGDPDJHVWUHVV











,Q WKHSDVWDQXPEHURI)(0PRGHOVKDYHEHHQSURSRVHGDQGHPSOR\HG WRSUHGLFWZHOGLQJUHVLGXDOVVWUHVV LQ
ZHOGHGVWUXFWXUHV;XHWDO>@XVHGWKH)LQLWH(OHPHQW0HWKRG)(0WRSUHGLFWWKHUHVLGXDOVWUHVVHVLQDWXEHWR
WXEH VKHHW ZHOG 7KH HIIHFW RI KHDW LQSXW SUHKHDWLQJ WHPSHUDWXUH DQG JDS EHWZHHQ WKH WXEH DQG WXEH KROH RQ




7KH VWUXFWXUDO DQDO\VLV SDUW RI WKH )( PHWKRG RI GHWHUPLQLQJ WKH UHVLGXDO VWUHVV ILHOG LQ WKH ZHOGHG SLSH ZDV
GHVFULEHGDQGWKHUHVXOWVZHUHSUHVHQWHGDQGGLVFXVVHG'HQJ>@KDVFRPSDUHGWKHVLPXODWHGUHVXOWVRIERWKWKH









WKURXJK WKHQXPHULFDO LQYHVWLJDWLRQ WKDW LQYROYHGD VHTXHQWLDOO\FRXSOHG' WKHUPRPHFKDQLFDO)(DQDO\VLV$Q
D[LV\PPHWULF WKHUPDO DQG PHFKDQLFDO PRGHO ZDV HVWDEOLVKHG DQG YDOLGDWHG E\ WKH H[SHULPHQWDO GDWD LQ WKH
OLWHUDWXUH
)(DQDO\VLVRIWKHUHVLGXDOVWUHVV
$ VHTXHQWLDO FRXSOLQJ WKHUPDOVWUXFWXUDO DQDO\VLV SURFHGXUH FRPELQHG ZLWK WKH HOHPHQW ELUWK DQG GHDWK
WHFKQRORJ\ ZDV XVHG WR FDOFXODWH WKH ZHOGLQJ WHPSHUDWXUH DQG UHVLGXDO VWUHVV E\ )( VRIWZDUH $%$486 7KH
WKHUPDODQDO\VLVZDVILUVWFDUULHGRXWWRREWDLQWKHZHOGLQJWHPSHUDWXUHILHOGDQGWKHQWKHWHPSHUDWXUHUHVXOWVZHUH
LQFUHPHQWDOO\DSSOLHGWRWKHVWUXFWXUDOPRGHOWRFDOFXODWHWKHUHVLGXDOVWUHVV
2.1. Geometrical model and meshing 




LVKDUG WR REWDLQ DQG WKXV D  GHJUHH XQLIRUP LQWHUOD\HU JDS RI PP ZDV HVWDEOLVKHG IRU FRQYHQLHQFH RI
FDOFXODWLRQ >@ $OWKRXJK UHDO ZHOGLQJ LV D ' SURFHGXUH LW LV RIWHQ FRQVLGHUHG VXIILFLHQW WR UHSUHVHQW D
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2.2. Material properties 




PDWHULDO SURSHUWLHV DV45 VWHHO ,Q WKH VROLG VHFWLRQ WKH FODGPHWDO LV &U1L VWHHO DQG WKH EDVHPHWDO LV
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PROWHQ]RQHVL]H LVDFKLHYHGZKHQ WKHPHOWLQJ WHPSHUDWXUH ć LV UHDFKHG LQDOO WKHHOHPHQWV WKDWDUH
LQFOXGHGLQWKHSDUWLFXODUZHOGSDVV>@
+HDW ORVVHV DUH LQHYLWDEO\ GXULQJ WKH KHDWLQJ F\FOH SURFHVVZKLFK VKRXOG EH WDNHQ LQWR FDOFXODWLRQ IRU KLJKO\
DFFXUDF\7KHUPDOUDGLDWLRQORVVHVDQGFRQYHFWLRQORVVHVDUHWZRSRUWLRQVRIWKHWRWDOKHDWORVVHV5DGLDWLRQORVVHV
DUHGRPLQDQWIRUKLJKHUWHPSHUDWXUHVLQDQGDURXQGWKHZHOG]RQHZKLOHFRQYHFWLRQORVVHVIRUORZHUWHPSHUDWXUHV
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2.4. Residual stress analysis 
7HPSHUDWXUH GLVWULEXWLRQ REWDLQHG IURP WKHUPDO DQDO\VLV ZDV XVHG DV LQSXW GDWD WR FDOFXODWH WKH UHVLGXDO
VWUHVV7KH HOHPHQW ELUWK DQG GHDWK WHFKQLTXH KDV DOVR EHHQ XVHG LQ VWUHVV DQDO\VLV 7KH VXEVHTXHQW WKHUPDO
PHFKDQLFDODQDO\VLV LQYROYHV WKHXVHRI WHPSHUDWXUHKLVWRULHVFRPSXWHGE\ WKHSUHYLRXVKHDW WUDQVIHUDQDO\VLV IRU
HDFK WLPH LQFUHPHQW DV DQ LQSXW WKHUPDO ORDGLQJ IRU WKH FDOFXODWLRQ RI WUDQVLHQW DQG UHVLGXDO WKHUPDO VWUHVV
GLVWULEXWLRQV7KHLQFUHPHQWDOIRUPRIWRWDOVWUDLQ^Gѓ`FDQEHGHVFULEHGDV>@
^ ` ^ ` ^ ` ^ `H H H H  e p thd d d d   
ZKHUH^GѓH`^GѓS`DQG^GѓWK`LVWKHHODVWLFVWUDLQSODVWLFDQGWKHUPDOVWUDLQLQFUHPHQWUHVSHFWLYHO\>@,QUHVLGXDO
VWUHVV DQDO\VLV WKH HODVWLF VWUDLQ LVPRGHOHGXVLQJ WKH LVRWURSLF+RRNH¶V UXOHZLWK WHPSHUDWXUHGHSHQGHQW<RXQJ¶V
PRGXOXV7KHWKHUPDOVWUDLQLVFRQVLGHUHGXVLQJWKHUPDOH[SDQVLRQFRHIILFLHQWRIWKHUPDOH[SDQVLRQ)RUWKHSODVWLF











JHRPHWULFDOPDWHULDO DQGZHOGLQJ SDUDPHWHUV DV WKRVH XVHG LQ WKH/HH¶V SDSHUZDV JHQHUDWHG 7KH WHPSHUDWXUH
GHSHQGHQWPHFKDQLFDODQGWKHUPDOSURSHUWLHGRIWKHPDWHULDOZHUHWKHVDPHDVLQOLWHUDWXUH>@7KHFRPSDULVRQVRI
WKHUHVLGXDOVWUHVVFDOFXODWHGE\)(0DQGWKH/HH¶VH[SHULPHQWDOPHDVXUHPHQWVE\/HHHWDOZHUHSUHVHQWHGLQ5HI
>@7KHUHVXOWVRIFRPSDULVRQ LQGLFDWHG WKDW WKHSUHGLFWHGUHVXOWVIURPWKH)(DQDO\VLVZHUH LQUHDVRQDEO\JRRG
DJUHHPHQWZLWKWKHH[SHULPHQWDOPHDVXUHPHQWV7KHUHIRUHWKH)(SURFHGXUHXVHGLQ5HI>@FDQEHXWLOL]HGLQWKH
OD\HUHGWRVROLGZHOGHGMRLQWLQWKLVVWXG\




4.1. Residual stress distribution contour 
7KHVWUHVVFRQWRXUVRIUDGLDOVWUHVV6D[LDOVWUHVV6KRRSVWUHVV6DQGYRQ0LVHVVWUHVVDUHVKRZQLQ





WKDQ OD\HU7KHPLVPDWFKLQJRI\LHOGVWUHQJWKEHWZHHQ OD\HUDQG OD\HUFDXVHVDQXQEDODQFHGGLVWULEXWLRQRI
UHVLGXDOVWUHVVHV




EHWZHHQVWDLQOHVV VWHHODQG ORZDOOR\VWHHO ,Q WKH ORZDOOR\VWHHO]RQH WKH6 ILUVWGHFUHDVHV IURP WKH LQWHUIDFH
EHWZHHQVWDLQOHVVVWHHODQGORZDOOR\VWHHOUHDFKLQJDWHQVLOHVWUHVVRI03DDQGWKHQLWVKDUSO\LQFUHDVHVDQG
UHDFKHVDPD[LPXPWHQVLOHVWUHVVRI03D7KH6DJDLQGHFUHDVHVJUDGXDOO\LQWKHUHVWWKLFNQHVV7KH6LQ






WKH VWDUWLQJSRLQW RI3 DQG WKHQ LQFUHDVHVJUDGXDOO\ WKURXJK WKH WKLFNQHVV DQG FKDQJHV LQWR DPD[LPXP WHQVLOH
VWUHVV
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03DSUHVHQWHG LQ WKH LQWHUIDFHEHWZHHQZHOGPHWDO DQG+$=7KH UHVLGXDO KRRS VWUHVVHV6GHFUHDVHV DQG
YDULHVLQWRFRPSUHVVLYHVWUHVVLQWKH]RQHDZD\IURPWKHZHOGPHWDODQG+$=7KHFRPSUHVVLYHSHDN6LV03D

























4.4. Residual stress distribution along the HAZ 
)LJXUHVKRZVWKHVWUHVVGLVWULEXWLRQDORQJWKHUHIHUHQFHSDWK3,WVKRZVWKDW6ILUVWLQFUHDVHVIURPWKHLQQHU
VXUIDFH DQG WKHQGHFUHDVHV WR D FRQVWDQWYDOXHRI03D7KH6 LQFUHDVHVQHDU WKHRXWHU VXUIDFH UHDFKLQJ D
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VROLGZHOGHG MRLQWRI WKHF\OLQGULFDOYHVVHOV7KHGHWDLOHGSDVVHV VLPXODWLRQZLWKHOHPHQWELUWKDQGGHDWKZDV





 'XH WR WKH PDWHULDO PLVPDWFKLQJ EHWZHHQ LQQHU VWDLQOHVV VWHHO ]RQH  DQG ORZ DOOR\ VWHHO ]RQH  D
GLVFRQWLQXRXVVWUHVVGLVWULEXWLRQKDVEHHQJHQHUDWHGDFURVVWKHLQWHUIDFHEHWZHHQVWDLQOHVVVWHHOOD\HUDQGORZDOOR\
VWHHOOD\HUDVVKRZQLQ)LJ
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